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ABSTRACT 


Portulaca oleracea is one of the weeds of onion in the Philippines. Its negative impact on 
growth and yield, however, has not been quantified. An experiment was conducted to determine the 
influence of different density levels of P. oleracea on growth and yield of transplanted onions. The weed 
was allowed to grow with the onion at 0, 5, 10, and 15 plants 176 cm? from the day of planting until 
harvest. The experiment was arranged in randomized complete block design with four replications. 
Growth and yield of transplanted onions were influenced by different densities of P. oleracea. The fresh 
weight of bulbs was reduced by 32.7, 51.3, and 73.6%; the dry weight by 39.6, 59.8, and 71.9% when the 
weed competed at 5, 10, and 15 plants 176 cm”, respectively. Correlation and regression analyses showed 
that the population density of P. oleracea were strongly, negatively correlated as well as it influenced by 
98.54 and 93.45%, respectively, on the fresh and dry weight of transplanted onion. This study confirmed 
that P. oleracea is truly a weed of transplanted onion implying that it could potentially reduce yield if 
left unmanaged throughout the crop’s growing cycle. Thus, it must be managed effectively whenever 
seen infesting transplanted onions in the country. Although the results were obtained only under 
screenhouse conditions, the findings suggest the need to develop a holistic weed control strategy against 
the weed. 


Keywords: additive design, common purslane, crop-weed competition, olasiman, Portulacaceae 


TT 


INTRODUCTION 


Bulb onion Allium cepa L. is one of the major 
rice-based crops (rice-onion, rice-corn, and other rice- 
vegetable cropping systems) in the Philippines 
(PhilRice 2007). In 2021, the bulb onion was planted 
on 19.3 thousand ha with a production volume of 218 
thousand metric tons valued at PHP11,501,200,000 
(PSA 2022). These figures are expected to further rise 
to meet the demands for culinary purposes. 


Weeds are one of the groups of pests that 
need to be considered when growing onions. This is 
because weeds, if left unmanaged, will reduce yield of 
onions. In fact, in a field study in Nueva Ecija, weeds 
left uncontrolled reduced the yield of red and white 
onions by as much as 78 and 97%, respectively 
(Baltazar et al. 1998a). In another study, the yield of 
red onion reduced by 79% when major weeds such as 
Cyperus rotundus L., Echinochloa colona (L.) Link., 
and Trianthema portulacastrum L. were left to grow 
and compete in the field (Baltazar et al. 1998b). Thus, 
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it is important that weeds must be managed to ensure 
the quantity and quality of yield as well higher income 
from the planting of onions. 

Portulaca oleracea L., also known as 
“common purslane, pigweed, or olasiman”, is a C4 
plant that proliferates both by seeds and vegetative 
stem cuttings (Merrill 1912; Galinato et al. 1999; 
Ferrari et al. 2020). One mature plant of it could 
produce a mean of 10,000 seeds plant! at a mean 
weight of 0.07 mg seed"! (Galinato et al. 1999). Many 
of its seeds germinate at the soil surface, particularly 
when exposed at 30/20°C alternating day/night 
temperatures with 12/12 h light/dark conditions; no 
germination at all for those buried at a soil depth of 2 
cm (Chauhan and Johnson 2009). Its cut stems with 
nodes, on the other hand, are the only ones that 
produce new leaves; those with attached leaves 
produced the newest leaves (Proctor et al. 2011). In 
addition, its cut stems with nodes had >70% survival; 
those from the internodes had 0% survival under field 
conditions. Portulaca oleracea is one of the common 
weeds of rainfed rice and rice-based crops in the 
country like corn, tomato, eggplant, string beans, and 
yam (Fabro and Barcial 2015; Gonzales 2017; 
Galinato et al. 1999; Donayre et al. 2018). It is also 
one of the common weeds infesting many bulb onion 
fields (Baltazar et al. 1999; Casimero 2000; PhilRice 
2007). Its negative impact on the growth and yield of 
direct-seeded onion has been reported in other 
countries. For example, it reduced the yield of direct- 
seeded onion by 9, 68.3, and 83.5% when allowed to 
compete from 0 to 40 days after planting; 53, 81, and 
93% when allowed to compete from the day planting 
until harvest (Adams 1977). Under Philippine 
conditions, however, its impact has not yet been 


quantified in either direct-seeded or transplanted onion. 


Hence, this paper aimed to determine the influence of 
the different population density of P. oleracea on the 
growth and yield of transplanted onion. 


METHODS 


Location and Materials 

The study was conducted at the experimental 
area of the Crop Protection Department, College of 
Agriculture, Central Luzon State University (CLSU), 
Science City of Munoz, Nueva Ecija from November 
2018 to April 2019. The greenhouse, where the 
experiment was conducted, was made of steel frames 
covered with fine nets in all the sides as well as the 
roofing. It was also built in an open space away from 
trees and buildings. The soil (Maligaya soil series) 
used as a medium for planting was collected from the 
same field area and location. To avoid the growth of 
other plants, collected soil samples were pulverized, 
placed inside a polypropylene plastic bag at 2 kg bag” 
' and sterilized by mixing with water and heating for 
8 hin a huge cylindrical metal drum. After sterilization, 
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the soil sample in each bag was allowed to cool and 
then transferred later into plastic containers. 

Red Pinoy was used as the test onion variety. 
It was prepared by planting 4-5 seeds hole! on a 
seedling tray previously filled with sterilized soil. All 
germinating seeds were allowed to grow until 40 days 
under saturated and full sunlight conditions. Mature 
seeds of P. oleracea, collected from onion fields of Sto. 
Domingo, Nueva Ecija, were also seeded at 10 seeds 
hole! on a seedling tray with sterilized soil. One- 
week-old growing seedlings were thinned and 
maintained at 2-3 seedlings hole!. Seedlings were 
allowed to grow until 40 days under moist and full 
sunlight conditions. 


Experimental Design 

Cylindrical plastic container (area=176 cm?, 
depth=10 cm), filled with 10 kg of sterilized moist soil, 
was used as the experimental unit of the study. Each 
center of the container was transplanted with one 40- 
day-old seedling of bulb onion as shown in Figure 1| 
(Islam et al. 2009; Casimero 2000). Following the 
procedure of Chauhan and Johnson (2009) in growing 
seeds, 40-day-old seedlings (3 leaf-stage) of P. 
oleracea were planted in each container at 0,5, 10, and 
15 plants container“! or plants 176 cm”. The planting 
distances between the crop and weed were 10, 5-10, 
and 2.5-5 cm for 5, 10, and 15 plants 176 cm, 
respectively. On the other hand, the distances between 
each weed were 10, 5, and 2.5-5 cm in the same order 
of plants 176 cm*?. Each experimental unit with 
transplanted bulb onion and P. oleracea at different 
densities were arranged in randomized complete block 
design with four replications. All plants inside each 
experimental unit were grown until the crop’s maturity. 
All plants were nourished with synthetic fertilizers at 
67-21-21 kg of N, P20s, and K2x0 ha‘! recommended 
rates. Water was also supplied in each box and 
maintained at saturation level whenever necessary. An 
additive design of the crop-weed competition, where 
the density of onion was held constant and that of P. 
oleracea was kept increased, was utilized to determine 
the outcome of P. oleracea - onion competition 
(Swanton et al. 2015). 


Figure 1. Position of transplanted onion (circles) relative to 
different densities of Portulaca oleracea (stars) inside the 
experimental unit. 


Data Collection 


The growth and development of bulb onion 
were measured in terms of height; number, length, and 
weight of leaves; length of bulb and roots; and fresh 
and dry-weight of bulbs. Using a meter stick, the 
height of bulb onion was determined by measuring it 
from the base to the tip of the tallest leaf of each plant 
60 days after planting (DAP). Using a ruler, the 
average length of the leaves was also determined by 
measuring the length of the three leaves close to the 
base of each plant. The number of leaves per plant was 
manually counted while the root and bulb lengths as 
well as the bulb-widths were measured using either a 
ruler or Vernier caliper (0-150 mm, Mituyo, Japan). 
Using a sharpened knife, the bulb of each onion was 
separated from the shoots (leaves) during the 
harvesting time. The fresh weights of leaves and bulbs 
were then separately recorded using a digital weighing 
balance (A&D Electronic Balance FX-3000). To 
determine the dry weights, the leaves and bulbs were 
placed separately inside a paper bag. Each bag was 
then placed inside an oven for drying within 48 h at 
70°C. After drying, the leaves and bulbs were weighed 
using a digital weighing balance. Percentage 
reductions on growth variables and bulb weight (Y) of 
onion were calculated using the equation below: 


_ (o-Y1) iia 
=F, (100) 
where, Yo as the mean value at 0 plants 176 cm? and 
Y1 as the mean values at 5, 10, and 15 plants 176 cm” 
2, respectively. 


Statistical Analysis 

All the data were subjected to ANOVA using 
the Statistical Tool for Agricultural Research (STAR 
v. 2.0.1) of International Rice Research Institute. The 
treatment means, on the other hand, were compared 
using the Tukey’s HSD at 5% level of significance. A 
Pearson-product moment correlation coefficient was 
also computed to determine the strength and direction 
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of relationship between the population density of P. 
oleracea and the fresh and dry bulb weights of 
transplanted onion. In addition, a simple linear model 
(Y = bx + a) was also fitted to the population density 
of P. oleracea and the fresh and dry bulb weights of 
transplanted onion to create a prediction model. 


RESULTS 


Influence on Growth Parameters 

Values of the height and number of leaves of 
onion were high when P. oleracea was absent; lowest 
when the weed was present at 15 plants 176 cm? 
(Table 1). No significant difference was observed in 
height at 5, 10, and 15 plants 176 cm. But there was 
significant difference between the height of onions at 
0 and 15 plants 176 cm”. The number of leaves had no 
significant difference at 0 and 5 plants 176 cm”. 
Similarly, no difference was observed at 5, 10, and 15 
plants 176 cm’. There were significant differences, 
however, at 0 plants 176 cm? compared to 10 and 15 
plants 176 cm. The length of leaves of onion also 
measured high in the absence of the weed. But the 
measurement was not significantly different when the 
weed was present at 5 and 10 plants 176 cm. The 
length of leaves at 5 and 10 plants 176 cm” was not 
significantly different; however, it was significantly 
different at 15 plants 176 cm. The dry weight of the 
leaves of onion was also highest when the weed was 
absent. The dry weight, however, was not significantly 
different when the weed was present at three densities. 

From 0 plants 176 cm”, the height of onion 
was reduced by 16.8, 29.9, and 40.1%; the number of 
leaves by 39.1, 60.9, and 71.7%; the length of leaves 
by 17.6, 31.4, and 42.1%; and the dry weight of leaves 
by 30.4, 37.7, and 55.9%, when the weed was allowed 
to compete at 5, 10, and 15 plants 176 cm”, 
respectively (Table 2). 


Table 1. Mean (+ se) height, number, length, and dry weight of leaves of transplanted onion as influenced by different 
population densities of Portulaca oleracea. In each column, means with the same letters are not significantly different at 5% 


level. 
Growth parameters 
Portulaca oleracea Height of plant! No. of leaves Length of leaves Dry weight of leaves 
(plants 176 cm’) (cm) plant"! plant! plant"! (g) 
0 40.6 (+3.2)* 6 (+0.5)" 35.8 (+2.5)* 3.1 (40.3)* 
p) 33.8 (44.3% 5 (+0.5)* 29.5 (+4.5)* 2.2 (+0.4)8 
10 28.4 (+3.4)*” 4 (+40.5)° 24.5 (42.8) 2.0 (+0.4)? 
15 24.3 (+2.2)° 4 (40.3) 20.4 (+1.7)° 1.5 (40.5)? 


Table 2. Percentage reductions on height and number, length, and dry weight of leaves of onion as influenced by different 
opulation densities of Portulaca oleracea. 


Portulaca oleracea Reductions (%) 
(plants 176 cm”) Height of plant"! No. of leaves Length of leaves Dry weight of leaves 
(cm) plant! plant! plant:! (g) 
5 16.8 39.1 17.6 30.4 
10 29.9 60.9 31.4 37.7 
15 40.1 71.7 42.1 55.9 
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Measurements in bulbs and roots of onions 
were high when the weed was absent (Table 3). Bulb 
and root lengths at 0 plants 176 cm”, however, had no 
significant differences when the weed was present at 
5, 10, and 15 plants 176 cm”. Likewise, bulb diameter 
at 0 plants was not different at 5 and 10 plants except 
at 15 plants 176 cm. From 0 plants 176 cm”, bulb 
length reduced by 3.4, 8.1, and 9.4%; bulb diameter by 
21.8, 28.8, and 51.8%; and root length by 6.7, 14, and 
23.1% when the weed was at 5, 10, and 15 plants 176 
cm”, respectively (Table 4). 


Influence on Yield 

Fresh and dry weights of bulbs were also high 
when P. oleracea was absent (Figure 2). The weight 
of bulbs at 0 plants 176 cm”, however, did not differ 
at 5 and 10 plants 176 cm” except at 15 plants 176 cm” 
2. From 0 plants 176 cm”, the fresh weight of bulbs 
reduced by 32.7, 51.3, and 73.6%; and the dry weight 
of bulbs by 39.6, 59.8, and 71.9%; when the weed was 
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allowed to compete at 5, 10, and 15 plants 176 cm”, 
respectively (Table 5). 


Correlation and Regression 

The population density of P. oleracea were 
strongly negatively correlated to the fresh (R = -0.993) 
and dry bulb weights (R = -0.967) of transplanted 
onion. The simple linear regression analysis also 
showed that 98.54 and 93.45% of fresh and dry bulb 
weights of transplanted onion, respectively, were 
influenced by the population density of P. oleracea. 
Further analysis also showed that the population 
density of the weed was a significant predictor and 
contributor to both the fresh and dry bulb weights of 
the crop at 5% level of significance (P = 0.033). The 
final predictive models for the fresh weight of bulb 
was y = -1.672(P. oleracea population density) + 
33.69 while for the dry weight of bulb was y = - 
0.2146(P. oleracea population density) + 4.212 
(Figure 3). 


Table 3. Mean (+ se) bulb length, bulb diameter, and root length of transplanted onion as influenced by different population 
densities of Portulaca oleracea. In each column, means with the same letters are not significantly different at 5% level of 


significance. 
Growth Parameters 
Portulaca oleracea Bulb length plant! (cm) Bulb diameter plant"! (cm) Root length plant"! (cm) 
(plants 176 cm’) 
0 8.0 (+0.6)* 4.0 (+0.4)* 5.5 (40.5)* 
5 7.7 (40.4)? 3.1 (+0.5)* 5.1 (40.8)* 
10 7.4 (40.5)? 2.9 (+40.3)* 4.7 (+0.5)* 
15 7.3 (+0.4)* 1.9 (40.5)? 4,2 (+0.5)* 


Table 4. Percentage reductions on bulb length, bulb diameter, and root length of transplanted onion as influenced by different 


opulation densities of Portulaca oleracea. 


Reductions (%) 
Portulaca oleracea Bulb length plant=! (cm) Bulb diameter plant"! (cm) Root length plant"! (cm) 
(plants 176 cm”) 
5 3.4 21.8 6.7 
10 8.1 28.8 14.0 
15 9.4 51.8 23.1 
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Figure 2. Mean (+ se) weight (g) of fresh and dry bulb onion as influenced by different population densities of Portulaca 
oleracea (mean with the same letters are not significantly different at 5% level of significance. 
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Table 5. Percentage reductions on fresh and dry weights of bulb of transplanted onion as influenced by different population 


densities of Portulaca oleracea. 


Reductions (%) 
Portulaca oleracea Fresh weight of bulb Dry weight of bulb 
(plants 176 cm) plant"! (g) plant! (g) 
5 32:7 39.6 
10 51.3 59.8 
15 73.6 71.9 


y = -1.672x + 33.69 
R?= 0.9854 
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Figure 3. Correlation and simple linear regression between population density of Portulaca oleracea and the fresh and dry 


weights of transplanted onion. 


DISCUSSION 


Influence on Growth and Yield 

Similar to other plants, the leaves are the 
primary organ of onion for processing its food by way 
of photosynthesis. It plays a significant role in relation 
to yield, particularly during the early bulb 
developmental stages of many onions. In a study by 
Siliquini et al. (2015), they reported that onions having 
0% defoliation (complete leaf area) at the beginning 
and later part of the bulb formation had the highest 
bulb weights produced. But when the leaf areas of 
onions were intentionally defoliated by 40 and 60% at 
the beginning of bulb formation, the bulb weights were 
reduced by 29 and 43% while 4 and 21%, respectively, 
when defoliation was done at 30 days after the bulb 
formation. In this study, leaves of transplanted onion 
was highest when P. oleracea was absent. However, 
when the weed was present, the number, length, and 
weight of leaves were reduced. Thus, it is no wonder 
why the height and bulb weights of transplanted onion 
were severely reduced particularly at 15 plants 176 cm 
>. It only implicates that allowing P. oleracea to grow 
and compete until the maturity stage will negatively 
affect the growth and yield of transplanted onion. 

Portulaca oleracea negatively affected the 
size and weight of bulb of transplanted onion. In fact, 
the regression analysis showed that its population 
density had strong and negative correlation to the fresh 
and dry weights of the crop suggesting that further 
competition of the weed at higher density and failure 
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to control the weed throughout the crop’s growing 
cycle will definitely result to the reduction on crop’s 
yield. In the United States of America, Doohan and 
Felix (2012) also reported that P. oleracea, together 
with Amaranthus blitoides S. Wats., reduced the yield 
of the green onion by 22.2 and 32% in 2006 and 2007 
field experiments, respectively. Adams (1977), on the 
other hand, had varying results in their field 
experiment involving different densities of P. oleracea 
under Michigan State University Muck Farm 
conditions. They reported that the presence of the 
weed at 58 plants m? from day 0 to 30 days after 
planting (DAP) did not reduce the yield of direct- 
seeded onion. From 0 to 40 DAP, however, the weed 
reduced the yield by 9%. At 153 plants m7, the 
presence of the weed from 0 to 20 DAP still did not 
affect the yield; instead, it reduced the yield by 57.6 
and 68.3% when present from 0 to 30 and 0 to 40 DAP, 
respectively. At 463 m?, the weed did not also 
significantly affect the yield when present from 0 to 10 
DAP. It reduced the yield by 56, 71.2, and 83.5%, on 
the other hand, when present from 0 to 20, 0 to 30, and 
0 to 40 DAP, respectively. When the weed was 
allowed to compete for the entire growing season, the 
yield of direct-seeded onion was reduced by 9.9-53% 
at all densities. Similar to P. oleracea, Morla et al. 
(2022) also reported that Fimbristylis miliacea (L.) 
Vahl had a negative influence on the growth and yield 
of transplanted and direct-seeded onions. From 5 
densities, shoot biomass of F. miliacea increased by 
1.3-2.7 folds in transplanted onion; 1.6-13 folds in 


direct-seeded onion as density increased by 15-25. 
Bulb weights of transplanted onion were reduced by 
11, 17.4, 22.1, and 38.7%; direct-seeded onion by 86.4, 
89.6, 88.8, and 88.1% at 10, 15, 20, and 25 F. miliacea 
densities, in that order. Bulb weights of direct-seeded 
onion suffered the greatest reductions due to weed 
competition. 

Correlation and regression are statistical 
techniques that are commonly used to investigate the 
relationships between two variables (Bewick et al. 
2003). Correlation quantifies the strength of the 
relationship between a pair of variables while the 
regression expresses the relationship or predicts the 
outcome of relationships by way of an equation. In 
this study, the population density of P. oleracea were 
strongly, negatively correlated to the fresh and dry 
bulb weights of transplanted onion. The simple linear 
regression analysis also showed that the population 
density of the weed was a significant predictor and 
contributor to both the fresh and dry bulb weights of 
the crop as had been shown in Figure 3. The 
correlation analysis indicated that the population 
density of P. oleracea was highly involved to the 
reductions on yield of transplanted onion. The 
regression analysis, on the other hand, suggest that the 
simple linear model can be used to predict the outcome 
of the competition between the population density of 
P. oleracea and the transplanted onion. In the study 
of Morla et al. (2022) on F. miliacea against onion, 
they also reported that the density and shoot biomass 
of the weed were strongly negatively correlated to the 
bulb weights of transplanted onion (r = -0.987, -0.995) 
and direct-seeded onion (r = -0.986, -0.999). They 
added that the regression analysis also showed that 
97.49 and 99.95% of bulb weights of transplanted 
onion, and 97.25 and 99.95% of direct-seeded onion 
were attributed to the density and shoot biomass of F. 
miliacea. They then confirmed that F. miliacea is truly 
a weed of bulb onion and could reduce yield if left 
uncontrolled throughout the crop’s growing season. 

Knowledge of weed biology and ecology 
helps decide what, how, and when to implement 
control measures effectively. In this study, P. oleracea 
significantly reduced the growth and yield of 
transplanted onion implying that control must be 
executed whenever the weed grows and competes in 
the field. Although the findings were obtained only 
under screenhouse conditions, the results imply the 
need of developing a holistic weed control strategy 
against the weed. In managing weeds of onion, 
PhilRice (2007) recommends implementing thorough 
land preparation, rice straw mulching, rice hull 
burning, hand weeding, and herbicide application. 

This study confirms that P. oleracea is a 
weed of transplanted onion and can potentially reduce 
the yield, especially if left unmanaged at population 
density of 5-15 plants 176 cm? from the time of 
planting until the maturity stage. Thus, it must be 
managed whenever observed infesting any field of 
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transplanted onion. To find out more about its ecology 
and management, it is recommended that further P. 
oleracea-onion competition studies must be conducted, 
particularly under the field conditions; determine its 
critical period of control in both transplanted and 
direct-seeded onion; and evaluate different weed 
control strategies to develop a holistic management 
system that is effective, economical, and environment- 
friendly. 
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